APPARATUS FOR DETERM NI NG AM LEAST ONE PROCESS VARI ABLE The present
invention relates to an apparatus for determ ning at |east one process
variable of a mediumin a container or in a pipeline; the apparatus
conprises at least a first elenent and a second el enent, which are
necessary conponents of the apparatus for determ ning the process variable
and which contact at a contact |ocation, which is exposed to a process
tenperature T. The apparatus, for exanple, is a neasuring device for
determning fill |evel, densit Vi Scosi_t Qr_pre ium In
reasur enenBEEPBRERS| B3, SRR P LS AT EROR PR TR fre known
for determning or nonitoring one or nore process variables of a nedium
For determining the reaching of a predetermined fill |evel or for
monitoring a mnimumor maximumfill level of a Iiguid in a container,
among TEENEFS S24{br BREET heasii i TG UeA @&s 2aP8“appFi ed: PFagEY &t"% He hei ght
in the caontakper. to-be pppiLiored,s As @didthe; nvLbronL & ABRASYF I Ng devi ces
have two fork-1ike tines, which are excited to opposite phase oscillations
at thelpesénancehr egpepeyuhycandiisses @il ttepisa a Aelbranecieikeise so
calle ran il ors. Wt - it OSGi t ‘ it, or
singl%egggg'%%gmgﬁEMM%ﬁ%ﬁ% %¥%&29%%€%$g?qg%%oggghchge%ﬁgi%@%?%gg% ectric
el enentes. defetrheénosci thatorycsystemis icovededhbyht henheasuzeda medi um t he
oscillatLon‘iﬁ danﬁgd ang,the,oscillatiqp freguenc% gecregsg§f wher eby t he
r eachiny “6F "t hE“Fir APt | &vet” is” Si°gmal €d.m “sich“Vibroni ¢ easur i hg “devi ces
havi ngran a@geirkkakor yof oskafiore fild 4 evelsudetecticoncef cbiquids are

devel oped by the assignee under the mark LI QUI PHANT and are ayvail able and
in a GFEEETVARTStylof eRbDHi MEFtS. T YThe ‘Sonstilct PonPof S & LF Gt PHANT
measuri.ng gevice is described, for exanple, in the docunment EP 1261437 Bl.

In measuremsnts technology, a number of different measuring
devices are known for determining or monitdring one or mere
process variables of a medium. For determining the reaching of
a predetermined fill level or fcr monitoring a minimum or
maximum fill level of a liguid in a container, among others,
vibronic measuring devices are applied, placed at the height in

the container to be monitored.

As a rule, vibronic measuring devices have two fork-like tines,
which are excited to opposite phase osciliations at the
regonance freguency by a drive unit via a membrane. Likewise,
so called membrans coscillators without an additional

oscillatable unit, or single rods are known. The drive occurs,



The density of the nmeasured nedium can al so be determned with said

vi broni ¢ nmeasuring devices. The higher the density of a liquid, the | ower
is the resonance frequency, with which the oscillatory system oscill ates.
The resonance frequency is, however, tenperature dependent, so the
tenperature of the nedium nust also be determned for a density

determ nation. Besides this application, a nunber of additional
applications are known, in which, besides the fill level, the determning
and nofi EEEINGa6F / tﬁeap%@fé%%lﬂt@w@r #HATETS -al $6 EQuP%éli%@ exanpl e,

for dg Ez%%feh” t@‘évé?é&hn\g%% r?eé’@ﬂé’&“ﬂe%u‘?n""abh% BEQ??%%%@% ature for a

sensor nti [ now, a tenperature nmeasurement has been possi for
exanpldepby bndngnagoanlb@ﬁhi@mnﬁﬂeqwﬂmmwa&mweageﬁsowhﬁnebychQact with the
container,exter@algé, out3|de of. th f|IIS ¥e| rodenS|ty measuri ng
devi c€°Vi'a"d Sepa tél %bc% $EConnectd sy dFor 5CensPt§ reasur ement

conpem&@hadlherdebeﬂpsraaurﬁg aﬁmbddﬂnuymquéogenfot andit hevdensity
measur i ng devi ce _have been connected to the eval uati on conputer. Each

addi t i“6ar pPBcass i eonnett i oh PoLeCrRi d8ditiFoRaF PSR Fef Fiveto the seal
and hygi-enerof;rbhenpr 06€Ssre soydhatpid d-5 desir abke-tosi-ntegrate the

t enperature neasurenent in a nmeasuring device required anyway, and thus
save &fbaddirerdhal pROCcESISEONTHECT q it fﬂﬁfﬁﬁﬁ @?aﬁﬁélﬁ@n%%Yh§%re
sensor. Sszpea SeNsk. neusi-n vibronic fil

| evel negggﬁgngg évfgg %égﬁgﬁ?ﬁcd?pgﬁie torFﬁé mgyg?gﬁmﬁ7 %?

pi ezoel ectric driving/receiving unit is nounted. This dr|V|ng/receiving
unit is introduced in the sensor housing on the side of the sensor housing,

from whiohohe0scl! Latale.unid fages, auay...L Lhesteaperatur e, sensor is

secured on the housin t he sensor, it for I'n such case
hi ndr ande, vébgontorméheunDM@tmgmpmﬁsthéﬂgﬂem@@benEhEsdeﬁhe*ﬁuofher the
t enperat ure senso nove m t he process, howeyer,. the greater the

t enperatir &’ d&rEr OHEH b? ??edﬁﬁﬁ%ﬁﬁﬂfqrTﬁ%QH%?”ﬁrogégg Fahpar atr e.

Docunent:iDE=102006007309, Ak desicsd besrra widdratinen- fypgukhai,tisw tch, in
which a tenperature determning unit is introduced between the elenents of

the t MAMENIEEL i hTPBEREVF AgCemPiceln tfe S5 INETBApaBIEshed EaF mafr pat ent

app"%%1H0B1%929999%9Q9H1§@atﬁ&PQ{QLQ%&U%?QQ@%%m@&@t&BFV0d§é§9dé§
process-near elenents of a fill |evel neasuring device. The di sadvant age of

t hese L@(}ISutaip@hSCﬁ§lt3hatatlh‘éfyb%brﬁbﬁ iachtie tdie Inapef-aceutensf athekp@asur i ng

deVIC%h which, besides the £ill level, the determining and monitoring
of the process temperature 1s also required, for example, for
detecting the reaching of a maximum allowable process

temperature for a sensor.

Until now, a temperature measurement has been possikle, for
example, by bringing an additional temperature sensor into
contact with the container externally, i.e. outside of the fill
level or density measuring device, via a separate process

connection. For a density measurement compensated for

B>



An object of the invention is to provide an apparatus for determ ning at

| east one process variable of a nediumas well as a nethod, with either of
whi ch, or both, apparatus and/or nethod, it is possible, noreover, to
determ ne the process tenperature in a sinple manner. The object relative
to apparatus is achieved by features including that the first el enent
conprises a first material and has a first connection line, which contacts
the first element with a first end region, that the second el enent

conpr itsevegasecondt et eeiat L R hae rd CYeé6Rd TE6NAEEEI BF N8I WhY ch
contacts;the,secondeel euppl - wid it @ £ ot .e0d Liegi apyoLhat a second end

regi on of the first conhection |line and a second e region of the second

to a reference tenperature Tree, .that the first material _and the second

ot or 18] HEe Bl ctrdh AN HRLEnEUT & 756 AnotRer Th S0ch® A HEHIRT 1 hat  at
the cont agtchpgati onebetmeerns the frid=stur®mieri alh andstbhersecondynat eri al a
thernovol tage Uth dependent on the difference between the process

t enper&iir-é SFp2AHY2Y he® Fef 8P 'ehce tefpefatture CTRef PAPFEEE, CamdEthat™ t he
tenperature determning unit nmeasures the thernovoltage U h and determ nes
the process tenperature Tp therefrom The required elenents for tenperature

nmeasur enent are thgs mai nly conponents of the neasuring device already
pr esedtitegsappPEntht BES by SERNTEC P WS Es 16r ScHRPaBESTIABE FHcdrifer to

enabl e the measuping: of the, thernovol tage. ;The Mketial §;0het 0. sui tabl e
conponents of the neasuring device are selected 1n such a manner that a

t her noMidlitage thdtneen thenvzesul tv811cthitdid ipropdetional to the tenperature
di fference bet n_the process nperature .and the referen enper at ure
Cﬁlﬁf&gﬁ?r\éﬁg%ﬁénﬁl%‘ *‘g 15 I%OQ.%-T%C? Séfgiﬁ_% %.I_LV_ 91868 9%1’1% I?ZEIJé{

r
and depe erence o e eéck coefficrents o
mat er izal Sntkbdtbedr ef.eteacestenperature; and thike sprilecessthenperature are

i dentical, the theranthgge is zero. Thus, .no_tenperature peasuring

el emertCticd Fnt FodlcBAt Separat &T§: 4 it o tie Heas dfhg d&evce, “buto“a

t her nocaypl-eci;sef geARd: f 1 oM cOmponent sl ready npr esent candnnesessary for
the functioning of the measuring device.

it forms, in such case, a hindrance, e.g. for the mounting of

the piezoelements, The further the temperature sensor is

removed from the process, however, the greater the temperature

determined by i1t deviates from the process temperature.

Document DE 102006007199 Al describes a vibration-type limit
switch, in which a temperature determining unit is introduced
between the elements of the Transmitting/receliving unit. In the
still unpublished German patent application 10620090294%90.2,
temperature sensors are introduced in process-near elements of a
fiil level measuring device. The disadvantage of these
soluticns is that they complicate the manufacture of the

measuring device.
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In a first enbodi nent of the invention, the second material is stainless
steel and the first material is essentially a nickel chrom um conpound. In
a preferred enbodi rent of the invention, the apparatus is a fill |evel
measuring device for determ ning and/or nonitoring a limt fill |evel of a.
mediumin a container or a pipeline, including: an essentially tubular
sensor housi ng, wherein one of the two ends of the sensor housing is
enbodi ed as a nenbrane; an oscill atable el enent placed on the outside of
t he menbrane, which oscillatable elenent fornms an oscillatable unit with
the menbrane; a driving/receiving unit; a nose, which is arranged as a
cont agl, phececrbgtween the-driving/ receivinNgunht sand-Lhes mesbrane and .
contacts the nenbrane at the contact location; a clanping apparatus, which
pr esses teRElginyi AY/ Feedt vy RIFFGe 2owarrd bRe menbr aadiuEngs avell as
contral feval yatjon. upit; wherein tihe driying/ receiving upitoexcites the
oscilla?ﬁbﬁg Gni't "to execute néghaﬁiéhl oscflﬁggfons, ang wher ei n t he
cont r oleftéval uati 0s pnstilelal uatesotdre anplletedeinkr eguepcyceand/ or phase of
the oscillations of the oscillatable unit, and the nose and the menbrane
are entotied 'h"suth™ a ner"t'Hat they forma thernocouple. In contrast to
solutions of the state of the art, no tenperature sensor is introduced in
the already narrow space in the area of the drive unit. Rather, the
exi sting el enents nose and nenbrane or sensor housing are given anot her
function. The membrane is.part, of. the sensor housin.or. secured on the
sensor ou??ng, For‘exanp?e,:%% méﬁ&?ng, i the f oF m of " a Separate
conponenrfludShpcenat ntleachi ease; 1drierits cnfirxed scangeetionzaadi 4 heanmt eri al s
of the menbrane and sensor housingqare identical, the thernpcouple is not
only féméd hy=the hembrane &i'die, " but’, &'s6 by thE sensbrehviding. only a.
connechitn sl knest ohe legd: X omithe noesedhnoughhberchanping.apparatus into
the area of the sensor housing |ying behind the clanping apparatus is a.
suppl erEntal mererent ohd ties pt otexE T dEiMAGCsilde o nEhevseRsoFOTHolihg. The
mat er i.al.s .ot the.nose.and: sensar; hqusing Q. :nenbrane are.coxsespendingly
chosen for this a %@tlbnai ?unctlon. f%e ag&iffonal e?enents needed for
det er megiing thethenperat urenwfcthe: nedicumrsiuch sasothechdnpeyature sensor
for deternmining the reference tenperature Tref, as well as_the tenperature
det er i HG OGN CORPECT R 0dUeT B & 10t e parersp e tire B8cLAf AL

unit, which is exposed to a reference Temperature T.s:, that the

first material and the second material are selected and matched

to one another in such a manner that at the contact location

between the first material and the second material a

thermovolitage Uy, dependent on the difference between the process

temperature T, and the reference temperature T.er arises, and that

the temperature determining unit measures the thermovoltage U

and determines the process temperature T, therefrom.

The required elements for temperature measurement are thus

mainly components of the measuring device already present,



t he sensor housing-, which offers enough space, |ying behind the clanping
apparatus. In an additional further devel opnent of the invention, the nose
and the first connection line are nanufactured froma first naterial, which
has a first Seebeck coefficients al, and the nenbrane and the second
connection line are manufactured froma second naterial, which has a second
Seebeck coefficients a2, wherein al is different froma2. The Seebeck
coefficient is a material constant having the units, voltage over

t enperaPirlercThedt her ppvot ¢ e} Wihisch “Carcféemtbet Weent Ewor #wak €rd al s,

depen %a%ﬂetQ%edﬁéggﬁﬁgﬁﬁﬁgf tihese valles e the Larger the difference

| al -a2i, the farger t asurenent effect. "A further devel opnent of the
i nventsiugrraprlevidesothats t he tlepperaturiacdeeerinieniang anlecisdarr anged on t he

side of the cl in aratus_facing away fromthe. drivipg/receiving unit.
s P e R B S e B e e L Y thi 1

t he senserr-houvskngroespectahby-onithelisifdehael hgravay thonmthe 4 ocess,
the tenperatures arising geperally lie withina limted range c%gyared to
the rafgesFningi B8Rt e protesy tenperatiires & fed Fhe temperat ur

det er mi;nisRGUBLt 5ESehi htserPr ot @cd ot firemsversy thieghapeoeess. t erperat ures,
whi ch could negatively influence its functional ability. |n an enbodi nent,
t he t &FPpEFarGre tBBPRF AT AT AP URI tRG LHINcSyr LR ITAtHRE e6ht O eV&lluat i on

uni t. .For .exanplg; -LL.i§s LH-suchygase, A dahglogentrohler, haying an
i ntegrated tenperatufe sensor.
element 1is introduced separately into the measuring device, but,
a thermocouple is formed from components already present and

necessary for the functicning of the measuring device.

In & first embodiment of the invention, the second material 1is
stainless steel and the first material is essentially a nickel

chromium ccmpcound.

In & preferred embodiment of the invention, the apparatus is a
fill level measuring device for deternining and/or menitoring a
limit £111 level of & medium in a ceontainer or a pipeline,
including: an essentially tubular sensor housing, wherein one of
the two ends of the sensor housing is embodied as a membrane; an
oscillatable element placed on tThe outside of the membrane,
which oscillatable element forms an oscillatable unit with the
memprane; & driving/receiving uniit; a nose, which is arranged as
a contact pisce between the driving/receiving unit and the

membrane and contacts the membrane at the contact location; a



In an additional enbodinment, the driving/receiving unit conprises

pi ezoel ectric elenents and the first connection line is |ed through the

cl anpi ng apparatus together with the contact |ines of the piezoelectric

el ements. There are known enbodi nents, in which the contact [ines of the
pi ezoel ectric elenments are applied on a flexible circuit board. The
connection line is, in this case, preferably enbodi ed as an additi onal
conductive trace on the sanme circuit board. Furthernore, the invention

rel at esl Ay laonerhedator . det et P g ehelpr seess nudmperariune wsing a
measuring, devi.ge Lor det er gl ai 1.4 BOcRSS Yaniahl 6-ditf gnept, from
tenperature in a contfainer or a pipeline, which neasuring device includes
at | east: vang /frierst. véhement t ande atc secidred elceidntt alviki chiar eonesessiar y
conponents aof the measuring device for .determnin e ocess_variabl e and
bt TS P A A Tha R QRIS BPET st TRl

t enperatune ks The ehpectudas fegaidssid hemmetiodrass aghtpved by features
including that the first elenent is manufactured froma first material M
and t h& Seddrd ceFeRent 1 s° Mahuf Acture d From@cs é€6nd°ShmtBri B M2, the
first glement. Ls.coptagted w.th,a, fd nsdyconnecti eneshi re-and the second

el ement is contacted with a second connection |ine, the connection |ines
are | edergcgorgdperature deternmining unit, which is exposed to a reference
tenperature Tref, the first material and the second nmaterial are selected
and matched to one another in such a manner that a thernovoltaae Uth forns
between the first elenment of the first material and the second el enent of
t he sdcondrmateri ab, swhirchot hep hoviot tage Ut it edepéndent tencthetdi4 f er ence

bet ween, the F%Tsoﬁﬁ%%o&%@gf%“{ﬁe T%)Jh&nddé\} heseference tenperature Iref, the
i'S e 1 nperature-determning unit; and the

thernﬁ§g1tage Ut neasured in
processi< emeratuie . Ti pat se det et 4n eredk firam«ihecrher movel tagenthibhrads an
enbodi nent of the od of the inveq%;pn the first mater]j and the

a
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coef figients dinkf eentreomene; apothesecured on the sensor housing, for
example, by welding, in the form of a separate component.
Since, in each case, 1t 18 a fixed connection and the materials
of the membrane and sensor housing are identical, the
thermocouple 1s not only formed by the membrane zlone, but, also
by the sensor housing. Only a connection line to be led from
the nose through the clamping apparatus intc the area of the
sensor housing lving behind the clamping apparatus is a
supplemental element on the process facing side of the sensor
housing. The materials of the nose and sensor housing or
membrane are correspondingly chosen for this additional
function. The additicnal elements needed for determining the
temperature of the medium such as the temperature sensor for
determining the refevence femperature Tres, as well as the

temperature determining unit, are introducible in the part of

s



In an especially advant ageous enbodi nent of the nethod for determ ning the
tenperature, a vibronic fill |evel neasuring device is used, conprising: an
essentially tubular sensor housing, wherein one of the two ends of the
sensor housing is enbodied as a nenbrane; an oscillatable elenment placed on
t he outside of the nenbrane, which oscillatable elenent forns an
oscillatable unit with the nenbrane; a driving/receiving unit; a nose,
which is arranged as a contact piece between the driving/receiving unit and
t he nédr anesandhevhtast sWt P! haibrsafd Aot Feac6nt agt P okatieh; L cl anpi ng
appar%k%%ri“giggmggg§§g§ the driving/receiving unit toward the menbrane;
and a conF}oV/e aluatron unit; wherein the driving/receiving unit excites
the oscillatable unit to execute nmechanical oscillations, and wherein the
control /eval uation unit evaluates anplitude, frequency, and/or phase of the

osclllat l.ons of (LNe.00e) LAl abl e Ul dy. and tth@erim%%@%ﬁ, Is,Lormed from

t he nose and the e invention w1l now be explained in greater
det ai larbased anrthecappendedh driavd ng;e trhenfliagunesdof rwhi ehfshew as fol | ows:
Fig. 1 a represe tabion of gﬁsect .ation of  a deta%%%of a fil

J- 11 o, ional illusira :
| evel TREESAFI NG "devi'ce? S Fi gt - 2° a Schemat i€ T epra§intati on®of measuri ng
princirRph®rane and the second connection line are manufactured from a
sszcond matsrial, which has a second Seebeck coefficients aZ,
wherein al is different from a2. The Seebeck ceoefficient is a
material constant having the units, voltage over temperature.
The thermovoltage, which can form between two materials, depends
on the difference of these values, i.e. the larger the

difference lal-a2l, the larger The measurement effect.

&4 further development of the invention provides that the
temperature determining unit is arranged on the side of the
clamping apparatus facing away from the driving/receiving unit.
As a rule, the electronics of the measuring device are located
here, Within the sensor housing, especialiy on the side facing
away from the process, the temperatures arising generally lie
within a limited range compared to the range, in which the

1

process temperatures lie. The temperature determining unit is,
thus, protected from very high process temperatures, which could

negatively influence its functional ability.



As an exanpl e of an enbodi nent of the invention, a section through the
process-side end region of the fill |evel measuring device 1 having an
oscillatable unit is presented schematically in Fig. 1. The oscill atable
unit is forned by the nmenbrane 4 and an oscillatable elenent 3 fornmed as a
oscillatory fork solidly connected to nenbrane 4. Menbrane 4 is a part of
the sensor housing 2 and cl oses the process-side end region. GOscillatable
el enent 3, sensor housing 2 and nenbrane 4 are manufactured fromthe sane
mat er i7al anpegberabEytst aiinl besbetael e T edmilviipg/ nacéi ¥engnbnvrased s
arranged in the,intorlor, of; senser, housing 2, hn this,exagpl e, of an
enbodi ment §r|V|ng recerving unit 6 is a StAck “drive cbnpose% of
pi ezoelseet, r iac mékenmentsrantet shatanpedth biettweenr tadpresparetsceenedsand a nose
5. Instead of pressure screw 7, other securenment neans are al so
concei vabl e, for exanple, a yoke. Via nose 5, the force of
driving/receiving unit 6 is transmtted to nmenbrane 4, which, in turn,
excites oscillatable element 3 to nechanical oscillations. Nose 5 is
pr ef erlablay: heriispherilcakbantheont acts denbmanes4é<oriagsmbk area at the
contact | ocation.12. se 5 and nenbrane %f respectivel ensor , housi ng 2,
are manUFactired 6F “8iFfer eht ™ Mt et T al € hnd gfflr’ﬁsér Fﬁ@?éﬁ%é%l e"Tn this
enbodiinented tRUSugROSBe5cl snphey fadmsdr el emeniycorpr kskAg-kbBecbhtst- materi al
ML and nenbrane 4 is the second el enent conprising the second material M.
A t her'noVisl Cagél'et R E6PRBSat © tort 5ete 'otat i'0 *£2 2 TFoF "RBASUr i ng t he
t her myplt:agenROSenShs-comnect et 40 a fridst-rconpect bon=hbhe- 9= which
conprises the sane material as nose 5. In the sane way, nenbrane 4 is
connectigdevits serseprrhondi ay 2 feE sevohd ceorinecticén | TAe 10, which
i kew rise he_.sane | ri as..sensar. .housi - th.connection
Iinescggn%%%gfg rZBEtésa ?ﬁﬁggégtﬁg%EHZ?g?ﬁgﬁ%ﬁ' %ﬁ%@gi%ﬁ ?gn%%rature
det er maniing cunilt ckidistlioeat edepref ertablaenien camcaréakbokrtihe sensor housi ng
remote fromthe process so that the there reigning reference tenperature
Tref differs fromthe tenperature Tp, which corresponds to tenperature of
the process or of the nmediumto be determ ned, reigning at contact | ocation
12. Especially when the oscillatable unit 3 is covered by the process
medi ufurtthe rproeesshtenpesat e dpl cors espends:thodt hert éaperatuieg of t he
medi um,_ For the case .0 which the tenperatures Tref gng gg do not differ,
a t hermbvelt4ge Ut aoes Hot ar1'&e and THE HEasared varae st tHe™ "9
t her noveirtage si $azeebleTeNpespdy er def erdafipdimgueri tnld bSndainer or
m crocontroller, for exanple. Such electronic conponents are §ensitive to
hi gh ferpéfatifes“So PhEE2FEr140 devartagedus Wied “t efpérattifer 4eter ni ni ng
uni t 1k s thenamkll weiknsul at o6 f+ omithe, pracess..Ruef,erapbynetegpgrature
determining unit 11 is |ntegrated'|nto_the sensor el ectronics, so that no
addi t i"Owalmegomponenterofet énpett e eterimienitigcenist vaTipslAedeSsary. The
gr eat the ther.no tage, .th _ 18 the di r.ence _between the
Seebegﬁué%%ﬁfgcT@n%ggfabf %hegn%§€§%§3 o) aﬁg§§'§& %ggghéosggﬁgck
coef f icgicertssa2 copetrheumat i al of sensor housing 2. In order to be able to
determ ne the process tenperature Tip in the case of snall tenperature
differences dT =1 Tp - Tref between the process and the site of tenperature
determning unit 11, it is consequently advantageous, when the magnitude of
the difference al-a2 is as |large as possible. |If nmenbrane 4 and sensor
housi g2 carectmnatactyreds of hstrag hess st eelhiegeg. bst denkessssteel 3161
it is.advantageous to mapufacture nose 5 of a nickel, chrom um coppound.

41 ng that The IirsT element 18 manuiacturad IZom a Lirs

material Ml and the second element is manufactured from a second



Tenperature determining unit 11 is a separate el ectronics nodul e or
integrated into the control/evaluation unit 21. Advantageously,
tenperature determining unit 11 is a mcrocontroller, which has an
integrated tenperature sensor, so that the reference tenperature Tref at
the site of tenperature determning unit 11 is known at any time wthout a
separate tenperature sensor. Fig. 2 shows a sketch of the neasuring
principle for determ ning the process tenperature T. At the contact

| ocat itsryerfiepstl<pateei &l T ML alrinsdeorfd aratterdtals. wMehmeetiwkth a process
tenperatyre Toot9:he determ ned o connectiian L nes caomei sing the same

mat eri al Iea i n each case, away ron1t e process and toward a conparison
neasumam@npocnhnbbaﬂan almefewencenﬁenpeﬂaiuneﬁfrete Ihe EQdap0|nts in the
conpaston n%asurhng gOInt lia are led.via connectlﬁ ich conprise
mat er i AT ORE SR EhPS T BXANpE &Y o tenPerat ure SdECEr T niPng EﬁF?fﬁ&C?n the form
of a riceiecantiel rer, and fhespatenddiall dirkf erencecbatweenethel eatk points
of the connection wires is determ ned. Conparison measurlggﬁ oint Ila can

al so 15°¢2GRAsEEA Base W Fhi MG Trod 6t rol ST . TTRESHo ial difference
i's equals@vbhernBvol t ager Lt Bet\l,?@@ﬁe@@e t epper aéigr%nip Jresylt §:fcem t he
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material and the second element of the second material, which
thermovoltage Uy, 1g dependent on the difference between the
process temperature T, and the reference temperature Tr.s, the
thermoveltage Usy 15 measured in the temperature determining

unit, and the process temperature T, is determined from the

thermovoltage Ug.

In an embodiment ©of the method of the invention, the fizst
material and the second material are selected in such a manner

that thelr Seebeck coefficients differ from one another.

In an especially advantageous embodiment of the method for
determining the temperature, a vibronic fi1ll level measuring
device is used, comprising: an essentially tubular sensor
housing, wherein one of the two ends of the sensor housing 1s
embodied as a membrane; an oscillatable element placed on the
outside of the membrane, which coscillatable element forms an
oscillatable unit with the membrane; a driving/receliving unit; a2
nose, which 1s arranged as a contact plece between the

driving/receiving unit and the membrans and contacts Lhe

Xe]



Expressed in words, the process tenperature results fromthe sumof the
reference tenperature at the site of the tenperature determning unit and
the quotient of the thernovoltage and the difference of the Seebeck
coefficients of the two materials. List of Reference Characters fill |evel
measuring device 2sensor housing

membrane at the contact location; a clamping apparatus, which
presses the driving/receiving unit toward the membrane; and a
control/evaluation unit; wherein the driving/receiving unit
exclites the oscillatable unit to exscute mechanical
oscillations, and wherein the control/evaluaticn unit evaluates
amplitude, frequency, and/or phase of the oscillations of the
oscilliatable unit; and a thermocouple is formed from the nose

and the membrane.

The invention will now be explained in greater detail based on

The apprended drawing, the figures of which show as follows:

Fig. 1 a representaticon of a sectional i1lliustration of a detaill

of a fill level measuring device;

2
1...!.
W

2 a schematic representation of the measuring principle.

hAs an example of an embodiment of the invention, a section
through the process-side end region of the fill level measuring
device 1 having an oscillatable unit is presented schematically
in Fig. 1. The oscillatable unit is formed by the membrans 4
and an oscillatable element 3 formed as a oscillatory fork
solidly connected to membrane 4. Membrane 4 is a part of the
senscr housing Z and closes tThe process—side end region.

Oscillatable element 3, senscr housing 2 and membrane 4 are



3oscillatabl e el enent 4nenbrane / second el ement 5nose / first el enent
6driving/receiving unit 7pressure screw 8contact |ines

manufactured from the same material, preferably stainless steel.
The driving/receiving unit ¢ is arranged in the interior of
sensor housing 2. In this example of an embodiment,
driving/receiving unit 6 is a stack drive compcosed of
wiezoelectric elements and 1s clampead between a pressure screw |/
and a nose 5. nstead of pressure screw 7, other securement
means are also concelivable, for example, a vyoke. Via nose 5,
the force of driving/receiving unit 6 is transmitted to membrane
4, which, in turn, excites oscillatable element 3 tTo mechanical
oscillations. ©Nose 5 is preferably hemlspherical and contacts

membrane 4 on a small area at the contact location 1Z.

Nose 5 and membrane 4, respectively sensor housing 2, are
manufactured ¢f different materials and form a thermccouple. In
this embodiment, thus, nose 5 1s the first element comprising
the first material M1l and membrane 4 is the second element
comprising the second material MZ2. A thermovoltage Uy, forms at
contact location 12. For measuring the thermovoltage, nose 5 is
connected to a first connection line 9, which comprises the same
material as nose 5. In the same way, membrane 4 is connected
via sensor housing Z to a second connection line 10, which
likewise comprises the same material as senscor housing 2. Both
connection lines 9, 10 are led fTo a temperature detfermining unit
11. Temperature determining unit 11 is lccated preferabkly in an
area of the senscor housing remote from the process so that the
there reigning reference temperature T,.r differs from the
temperature T,, which corresponds to temperature of the process

cr of the medium to ke determined, reigning at contact location



9first connection |line 10second connection |line 1ltenperature determ ning
unit |l aconparison neasuring point 12contact |ocation 2lcontrol/eval uation
unit

12. Especially when the oscilliatable unit 3 is covered by the
process medium, the process temperature T, corresponds to the
temperature of the medium. For the case, in which the
temperatures Tr.s and Ty do not differ, a thermovoltage Uy, does
not arise and the measured vaiue of the thermcvoltage is zero.
Temperaturs determining unit 11 is a microcontroller, for
example. Such electronic components are sensitive to high
temperatures sc that it 1s advantageous when temperature
determining unit 11 is thermally insulated from the process.
Preferably, temperature determining unit 11 is integrated into
the senscr electronics, so that no additiocnal component for

Temperature determining unit 11 1s necessary.

The greater the thermovoltage, the greater i1s the difference
between the Seebeck coefficient al of the material of nose 5 and
the Seebeck coefficlent 22 of the material of sensor housing 2.
In order to be able to determine the process temperature T, 1in
the case of small temperature differences dT = | Ty, - Trer |
between the process and the site of temperature determining unit
11, it is consequently advantageous, when the magnitude of the
difference zl-aZ is as large as possible. I membrane 4 and
sensor housing 2 are manufactured of stainless steel, e.g.
stainliess steel 3161, it is advantageous to manufacture nose O

of a nickel chromium compound.

Temperature determining unit 11 is a separate electronics module

or integrated into the contreol/evaluation unit Z1.



Mfirst material M2second material Patent Clains 1. Apparatus for

determ ni ng at

(4),

process variable and which contact at a contact |ocation (12), which
exposed to a process tenperature Tp, characterized in that

Advantageously, temperature determining unit 11 is &
microcontroller, which has an integrated temperature sensor, 30
that the reference temperature T..r at the site of temperature
determining unit 11 is known at any time without a separate

temperature sSensor.

Fig. Z shows a sketch of the measuring principle for determining
the process temperature T,. At the contact location, first
nmaterial M1 and second material MZ meet with a process
temperature Tp to be determined. Connection lines comprising the
same material lead, in each case, away Lrom the process and
toward a comparison measuring point ila at a reference
temperature Ter. The end points in the comparison measuring
point 1la are led wvia connection wires, which comprise material
M1 in this example, to temperature determining unit 11 1n the
form of a mlcrocontroller, and the potential difference hetween

the end points of the connection wires 1s determined.

Comparison measuring point 1lla can alsc lis, 1n such case,
within microcontrollier 11. The potential difference is egual to
thermovoltage Uwn. Process temperature T, results from the value

of thermovoltage Ugy:

Tp = Ugp /(aZ—al} + Tier.

| east one process variable of a nediumin a container or
a pipeline, conprising at least a first elenent (5) and a second el enment
whi ch are necessary conponents of the apparatus for determ ning the

S
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the first element (5) conprises a first material (ML) and has a first
connection line (9), which contacts the first elenment (5) with a first end
region; the second elenent (4) conprises a second material (M) and has a
second connection line (10), which contacts the second elenent (4) with a
first end region; a second end region of the first connection line (9) and
a second end region of the second connection line (10) are led to a
tenperature determining unit (11), which is exposed to a reference

t enperduee STEef n PRECET r 5 Nl Bl (MWD @I rEhé es8ébAd Thakerbal SEUMR) are
sel ect d t - AN0t [ r e cont act
Iocatf%ﬂ ?'nggéggggﬁ ?ﬁ88$|rst(%§%%fﬂuf%%ne CgE§%% tggg%gﬁg %gterlal (M)
a themhﬁvﬂh@ageguuhlde@e@dEME %upﬁ135NduﬁTeﬁen¢®ebwpweémagheapdot@ss

tenmperatuyre Tp enwmmet mper ature Tr. Hses
{ enber AP HEP e HPRGUTHIT L 1° HeBCUP Y fhie TerHOVSIEEBL TR h and
determ nes the process tenperature Tp therefron1
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2. Apparatus as clainmed in claim1, characterized in that the second
material (M) is stainless steel and the first material (M) is essentially
a nickel chrom um conmpound. 3. Apparatus as clainmed in claim1l or 2,
characterized in that the apparatus is a fill |evel neasuring device (1)
for determning and/or nmonitoring alimt fill level of a medium in a
container or a pipeline and and conprises: an essentially tubular sensor
housi ng QZ), wherein one of the two ends of the sensor housing (2) is
enbodifédtasTaRAERbEARR FRITafPRscill atabl e el enent (3) placed on the
outside of the nenbrane (4), which oscillatable element (3) fornms an
oscillatable unit with the nenbrane (4); a driving/receiving unit (6); a
nose (5), which is arranged as a contact piece between the
driving/receiving unit (6) and the nmenbrane (4), and whrch contacts the
menbrane (4) at the contact |qcation (12); a clanping apparatus (7), which
presses the drivi ngtec SISATG "0fi £2F6Y 2t oward the menbrane (4): and a
control/evaluation unit (21); wherein the driving/receiving unit (6)
excites the ostiitat@Bi®e it to nmechanical oscillations, and wherein the

contrql /evaluation unit (21) evaluates the anplitude, frequency, and/or
phase “of the O¥ciH1&tG s O hé¢ oscillatable unit:

4 membrane / second element
5 nese / first slement

& driving/receiving unit

7 pressura sSCrew

8 contact lines

9 first connection line

10 second connection line

11 temperature determining unit
1la caomparison measuring point
12 contact location

2% control/evaluation unit

M first material

M2 seccond material
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and the nose (5) and the nenbrane (4) are enbodied in such a manner that
they forma thernocouple. 4. Apparatus as clained in claim3,

characterized in that the nose (5) and the first connection line (9) are
manuf actured froma first material (ML), which has a first Seebeck
coefficient al, and the nenbrane (4) and the second connection |ine (10)
are manufactured froma second material (M), which has a second Seebeck
coefficient a2, wherein al is different froma2. 5. Apparatus as cl ai ned
inclaim3 or 4, characterized in that the tenperature determ ning unit

(11) is arranged on the side ofFatrntc|CAimsy apparatus (7) facing away from
the driving/receiving unit (6).

1. Apparatus for determining at least one process variable of a
medium in & container or in a pipeline, comprising at least a
first element (5) and a second element (4), which are necessary
components of the apparatus for deftermining the process wvariable
and which contact at a contact location (12), which 1s expossd

te a process temperature Ty,
characterized in that

the first element (5) comprises a first material (Ml) and has =a
first connection line (9}, which contacts the first element (5)

with a first end region;

the second element (4) comprises a second material (MZ) and has
a second connection line (10), which contacts the second element

(4} with a first end region;

a second end region of the first connection line (9) and a
second end regicn of the second connection line (10} are led to
a temperature determining unit {11}, which 1s exposed to a

reference temperature Tees!

the first material (MI) and the second material (M2} are
selected and matched to one another in such z manner that at the
contact location (12} between the first material (M1} and the
second material (M2} a thermovoltage Uy dependent on the
difference between the process temperature Tp and the reference

temperature T,..r arises;



6. Apparatus as clained in one of clains 3 to 5, characterized in that the

tenperature determning unit (11)

is integrated into the control/eval uation

unit (21). 7. Apparatus as clainmed in one of clains 3 to 6, characterized

in that the driving/receiving unit (6) conprises piezoelectric elenents,
together with the contact lines (8) of the piezoelectric elenents,

and,

first connection line (9) is |led through the clanping apparatus (7).

and the temperature determining unit (11) measures the
thermovoltage Uy and determines the process temperature Tp

therefrom.

2. Apparatus as clalmed in claim 1,
characterized in that

the second material (M2} is stainless steel and the first

material (Ml) 1s essentially a nickel chromium cocmpound.

3. Apparatus as claimed in claim 1 or Z,
characterized in that

the apparatus 1s a fill level measuring device (1) for
determining and/or monitoring a limit fill level of a medium in
a container or a pipeline and and comprises: an essentially
tubular sensor housing {2), wherein one of the two ends ¢f {he
sensor housing (2) 1s embodied as a membrane (4); an
oscillatable element (3] placed on the outside of the membranse
(4), which oscillatable element (3) forms an oscillatable unit
with the membrene (4); a driving/recelving unit {(6); a nose (5),
which 1s arranged as a contact piece between the
driving/receiving unit (%) and the membrane (4), and which
contacts the membrane (4) at the contact locaticn (12): a
clamping apparatus (7)), which presses the driving/receiving unit
;

{6) Toward the membrane {4); and a control/evaluation unit (21);

t he



8. Method for determning a process tenperature Tp with a neasuring device
for determning a process variable different fromtenperature in a
contai ner or a pipeline, which measuring device conprises at |east a first
el enent (5) and a second elenent (4), which are necessary conponents of the
measuring device for determ ning the process variable and which contact at
a contact location (12), which is exposed to the process tenperature TD,
characterized in that the first element (5) is manufactured froma first
mat er vdlerMEnandet Hel secofetenert ()t il9) margtactured Prom adsTebnd
mat eriyal M (Lhpfirst elemenl. (9). 1 S.gontacted wiLh a first connection
l'ine an e second el enent ? is contacted wwth a second connection
line (t@)rctiievednaecth omnd i nesl ) % vall0)atamse thed atrplattgnpef aturency,
determning unit (11).,ohigh | 5. exposed t9,2 Ll §rgneg, Lempepature Tref,
and the nose () and the membrane (4} are embodied in such a

manner that they form a thermocouple.

4. Apparatus as claimed in claim 3,
characterized in that

the nose (5) and the first connection line {9} are manufactured
from a first material (M1}, which has a first Seebeck

coefficient al,

and the membrane {4) and the second connection line (10} are
manufactured from a second material (M2), which has a second

Seebeck coefficient aZz, wherein al is different from aZ.

5. Apparatus as claimed in claim 3 or 4,
characterized in that

the temperature determining unit (11) is arranged on the side of
the clamping apparatus (7) facing away from the

driving/receliving unit (6€).

6. Apparatus as claimed in one of claims 3 to b,

1€



the first material (M)
mat ched t o one anot her

and the second material (M) are selected and
in such a manner that a thernovoltage Oth forns

between the first elenment (5) of the first material (M) and the second
el enent (4) of the second material (M), which thernovoltage Uth is

dependent on the differ

ence between the process tenperature Tp and the

reference tenperature T'f; the thernovoltage th is neasured in the

tenperature determnin
from ChereREPH6TBRt et
in that the first mater

unit; and the process tenperature Tp is determ ned
f. 0. Method as clainmed in claim8, characterized
ial (M) and the second material (M) are selected

in sugh.ainmpaer -t hat ytheiy i Seeback coeffi gi-ents-di-hter freom one another.

control/evaluation

unit {(21).

7. Apparatus as claimed in one of claims 3 to o,

characterized in that

the driving/receiving unit (€) comprises plezocelectric elements,

and, together with

the contact lines (8} of the piezoelectric

elements, the first connection line (9) 1is led through the

clampling apparatus

(7).

8. Method for determining a process temperature T, with a

measuring device for determining a process variable different

from temperature in a container or a pipeline, which measuring

device comprises at least a first element (3) and a second

element {(4), which

are necessary componsnts of the measuring

device for determining the process variable and which contact at

a contact location

temperature Ty,

(12}, which is exposed tTc the process

characterized in that

the first element

(5} is manufactured from & first materiali ML

and the second element {(4) is manufactured from a second

material MZ:;

9}
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10. Method as clainmed in claim8 or 9, characterized in that a vibronic
fill level neasuring device (1) is used for determning the process
tenperature Tp; wherein the vibronic fill I|evel nmeasuring device (1)
conprises: an essentially tubular sensor housing (2), wherein one of two
ends of the sensor housing (2) is enbodied as a nenbrane (4); an
oscillatable elenent (3) placed on the outside of the nmenbrane (4), which
oscillatable elenent (3) forms with the nmenbrane (4) an oscillatable unit;
a driWﬁﬁgﬁﬁ@@éi@ﬂﬁg@uhiﬁ5(6§$ ermosetdb)wimhiecH lirstarrangedibet ween t he
driving/r iying (6) nd. the nembrane (4). con pi ece, and
contacgé gﬁg’%%nbra 1? pcoﬁ%adfmrﬁ%htlon (%Zf Sgg%%%nplng

appar atcuseCZ) onwhiiah pmesses the driving/receiving unit (6) toward the
menbrane (4); and a control/evaluation unit (21); wherein the
driviq./rece|V|n? unit (6) gxm% fes the oscillatable unit to execute
mecharii €al”°6SErI T &L ongT® ah & 611 tHe ¢ty 6T EVAFGEE Fon unit (21)

eval uates ranplintude: tf n@guemﬁmc@m ofzphase wof =t heresehkkati ons of the
oscillatable unit, and a thernocouple is formed by the nose (5) and the
nenbraﬁ%mFE?ture ngF
the first material (M1} and the second material (MZ) are
selected and matched to one ancther in such a manner that a
thermovoltage Uy forms between the first element (5} of the
first material (M1) and the second element {4) of the second
material (M2}, which thermcvoltage Uy, is dependent on the
difference between the process temperature T, and the reference

temperature Tres;

the thermovcoltage U.y 1is measured in the temperature determining

unit;

and the process temperature T, 1ls determined from the

thermovoltage Usp.

9. Method as claimed in claim 8,
characterized in that

the first material (M1) and the second material (MZ2) are
selected in such a manner that their Seebeck coefficients differ

from one another.
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10. Method as claimed 1n claim 8 or 9,
characterized in that

a vibronic fill level measuring device (1) 1is used for
determining the process temperature Ty; wherein the vibronic f£fill

level measuring device (1) comprises: an essentially tubular

sensor housing (2), wherelin one of two ends of the sensor
housing (2) 1s embodied as a membrane (4); an oscillatable
element (3) placed on the ocutside of the membrane (4}, which

osclllatable element (3) forms with tThe membrane (4} an
osclllatable unit; a driving/receiving unit (6); a nose
which is arranged between the driving/receiving unit (6} and the
membrane (4) as a contact plece, and contacts the membrane {4)
at the contact location (12); a clamping apparatus (7)), which
presses the driving/receiving unit (6) toward the membrane (4);
and a control/evaluation unit (21); wherein the
driving/receiving unit (€) excites the oscillatable unit to
ax¥ecute mechanical osciliations, and wherein the
control/evaluation unit (21) evaluates amplitude, frequency,

and/or phase of the oscillations of the oscillatable unit,

and a thermocouple is formed by the nose (5) and the membrane

(4).
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